The aim of the present study was to establish the relationship between tobacco use and periodontal health in an adult sample in India.
Introduction
In studies performed in developed countries, tobacco smoking was found to be a significant risk factor for adult periodontitis [1] [2] [3] , as indicated by an increased loss of attachment [4] [5] [6] , development and progression of periodontal inflammation [7, 8] , and increased gingival recession [9] . Longitudinal studies indicate that periodontal disease may progress faster in smokers than in nonsmokers [10, 11] . These studies have demonstrated not only the detrimental effects of smoking on the pathogenesis of periodontitis but also the distribution of periodontal destruction among studied populations. Although there is very little scientific data on the effects of smokeless tobacco either used alone or in combination with smoking, on periodontium, it is reasonable to hypothesize that it could lead to impaired periodontal health [12] .
Few of these studies have been carried out in developing countries [13, 14] , where tobacco consumption in various forms, is highly prevalent and the development and progression of periodontitis is not confounded by preventive measures or treatment modalities. Studying risk factors for periodontal disease among these populations can be advantageous as it offers an opportunity to contribute to the understanding of possible risk factors for periodontal disease. The aim of the present cross-sectional populationbased study was to investigate the possible association of tobacco use and periodontitis and to describe the oral health status of a sample of adults aged 30 to 69 years living in Chennai, India.
Material and Methods
Epidemiological studies on periodontal status have employed a variety of indicators and indices. The most commonly used indices are the Periodontal Index from Russel, the Periodontal Disease Index of Ramfjord and the Community Periodontal Index of Treatment Needs (CPITN). Investigators have recognized that mean values of any index alone is not adequate enough to describe the nature of periodontal disease in populations because of the marked variation between and within subjects. Despite the fact that most clinical indicators used in the CPITN are either not sufficiently sensitive or specific as predictors of groups or individuals at risk for periodontal disease and that this index does not adequately reflect the distribution of periodontal disease in a population [15] , its use provides information about the high prevalence and low severity of periodontal disease among populations [16] . For these reasons along with the simplicity of its recording and its worldwide use, we used the CPITN Index for this study. The study was approved by the Ethics Committees of Charles University in Prague and SRM University. The study was conducted at SRM Dental College and Hospital in Chennai, India with the cooperation of three dentists.
Study population
Although several studies have used representative samples to collect data [17, 18] , most studies have used a convenience sample such as volunteers or patients attending dental clinics [1, 2] . The participants of this study were the patients of the three cooperating dentists. The inclusion criterion was age between 30 to 69 years. We fixed the minimum age as 30 years for participating, under the assumption that the majority of tobacco users start the habit in their teenage or early adult years and taking into consideration the fact that it takes some time for the destructive effect or clinical manifestation of tobacco use to be obvious. Participants with the following medical conditions were excluded: 1) those at risk for bacterial endocarditis; 2) those undergoing hemodialysis; 3) completely edentulous patients. The participants were informed about the purpose of the study, and informed consent was obtained in all cases.At the end of clinical examination, each participant was given instructions regarding dental treatment needs.
Questionnaires
All participants were requested to answer a questionnaire that included questions concerning their personal history, economic status, educational qualifications, profession, general health status, food habits, frequency of dental visits, brushing habits, dental aids used, and a detailed history of tobacco consumption. Information collected on tobacco use included current tobacco consumption status, duration, amount of tobacco use, and form of tobacco use. Possible forms of tobacco consumption included the following: 1) tobacco with betel nuts and leaves, 2) tobacco alone, 3) beedi/chutta, 4) cigarettes without filters, 5) cigarettes with filters, and 6) pipes and other forms of tobacco. Cigarette or beedi/chutta smokers were classified into the following: 1) regular smokers, 2) occasional smokers, and 3) ex-smokers. Regular smokers were defined as individuals who, at the time of examination, smoked at least one cigarette daily. Occasional smokers were individuals who smoked less than one cigarette per day. Former or ex-smokers were defined as individuals who smoked at least 1 cigarette per day for 6 consecutive months and did not smoke for at least the past 6 months from the time of the study. Because the use of smokeless tobacco, mostly in the form of chewing tobacco, is prevalent in India, we further classified our study population into 'consumers but nonsmokers' and 'non-consumers'. Consumers but nonsmokers consisted of subjects who use tobacco in forms other than smoking and non-consumers consisted of subjects who never used tobacco (at the time of study or in the past) in any form.
Clinical examination
Three dentists performed clinical examination. The examiners used a standard examination environment, standard equipment, and followed detailed written It also has a color-coded band extending 3.5 to 5.5mm from the tip, which facilitates rapid interpretation of probing depths. The CPITN probe was gently inserted into the gingival pocket, and the depth of penetration read against the color-coded band. The dentition is divided into six parts (sextants) for assessment of periodontal conditions. The sextants begin from the maxillary right sextant, proceeding in a clockwise manner and finishing in the mandibular right sextant. At least six points on each tooth (mesiobuccal, midbuccal, distobuccal, distooral, midoral, and mesiooral) were examined by gently "walking the probe" around the tooth, and for each sextant, only the highest score was recorded. All fully erupted teeth, except third molars and retained roots, were examined. The CPITN does not include measures of gingival recession, tooth mobility, intensity of inflammation, precise identification of pocket depths, or differentiation between supragingival and subgingival calculus [19] .
Data analysis
The statistical analysis of the data included the classification of data and calculation of frequencies and was carried out using the NCSS 
Results
The study population was classified into consumers who used tobacco in different forms (including smoking, chewing, snuff, and other forms) and non-consumers who never used tobacco (at the time of study or in the past) in any form. Consumers were further subclassified into regular smokers, occasional smokers, ex-smokers and consumers but nonsmokers. The population under study consisted of 580 males (72%) and 225 females (28%). A detailed classification of the subjects according to tobacco use and gender is given in Table 1 . The majority of respondents were male consumers of tobacco, and taking both the genders into consideration, the mean age of consumers was 47.3, whereas the mean age of non-consumers was 40.3. Table 2 shows the detailed tobacco consumption history of the subjects. Among regular smokers, 98% were males, and among non-consumers, 73.2% were females. We also found that the percentage of consumers but nonsmokers was higher among women (75.2%) than among men (24.8%).
We next compared educational qualifications and form of tobacco consumption. We found that among subjects without any education, having only a basic education, or having a high school education, a higher percentage used tobacco with betel nut and leaves and smoked beedi or chutta. But in case of graduates, 58.6% were abstinent from using tobacco with betel nuts and leaves and 56.2% were abstinent from using beedi or chutta compared to 30% and 7.8% using these forms of tobacco consumption respectively (p<0.001). Table 3 shows the distribution of subjects according to tobacco consumption compared to participation in preventive dental check-ups. Irrespective of tobacco consumption, 64.6% of respondents visited the dentist only when they had some dental problems. 20.4% of non-consumers visited dentists twice a year and was highest among the groups. Table 4 shows the distribution of respondents according to tobacco consumption compared to oral mucosal findings and gingivitis. We found that 22.7% of respondents in the group of consumers but nonsmokers, which mainly consisted of chewing tobacco users (tobacco with betel nuts and leaves), and 12.9% of regular smokers had some oral mucosal changes or lesions. We found that 23.6% of respondents using tobacco with betel nuts and leaves, 21.1% of those smoking beedi/chutta (P<0.001) and 10.9% smoking cigarettes with/without filters (P<0.01) had some oral mucosal changes or lesions, but only 2.8% of non-consumers had oral mucosal changes or lesions. We also found that 28.6% of respondents using tobacco with betel nuts and leaves and 23.6% of those smoking cigarettes with/without filters had gingivitis, but gingivitis was present in 46.5% of non-consumers (p<0.001). The CPITN scores (%) in consumers and non-consumers (the maximum findings from six sextants) are shown in Table 5 . Non-consumers had a higher percentage of CPITN score 0 than consumers, indicating a higher percentage of healthy periodontium in non-consumers. Consumers had a higher percentage of CPITN scores 2, 3, or 4 than non-consumers. Non-consumers also had a higher percentage of CPITN score 1 than consumers. We found that the percentage of CPITN score 0, indicating healthy periodontium, in subjects using tobacco with betel nuts and leaves (5.9%), smoking beedi/chutta (1.1%), and smoking cigarettes (5.6%) with/without filters was lower than in non-consumers (19%). We also noticed that the percentage of CPITN score 1, indicating bleeding on probing, was lower in subjects smoking cigarettes with/without filters (35.6%) and those using tobacco with betel nuts and leaves (39.5%) and slightly higher in respondents smoking beedi/chutta (48.9%) than in non-consumers (47.2%). Considering the pattern of smoking, we noticed that percentages of CPITN score of 0 and 1 in regular smokers (smoking beedi/chutta and/ or cigarette) were 3.8% and 35.3%, respectively, compared to 19% and 47.2%, respectively, in nonconsumers (P<0.001). Finally, the percentage of CPITN score 0 in all sextants was higher in nonconsumers than consumers (Table 6 ).
Discussion
Along with the use of common tobacco forms consumed worldwide, such as cigarettes and pipes, the Indian population uses other forms, the most common of which are Beedi, Chutta, and chewing tobacco. A Beedi is a thin, often flavored, Indian cigarette, handmade by rolling a dried rectangular piece of Temburni leaf (Diospyros melanoxylon) with 0.15-0.25 g of sun-dried tobacco and secured with a colored thread at one end. They are smaller than regular cigarettes but more potent. Because they do not have filter and are wrapped in nonporous leaves, a smoker needs to inhale more often and more deeply to keep them lit. One Beedi produces three times more carbon monoxide and nicotine and five times more tar than a regular cigarette [20] .
A chutta is a type of small hand-made cigar, without a wrapper and a single tobacco leaf as a binder. It consists of air-cured and fermented tobacco folded into a dried tobacco leaf. Chuttas vary greatly in form, length, diameter, and weight. Chuttas usually lack a filter, are characterized by being openended, and often have tapered mouthpieces. They are frequently associated with the remarkable habit of "reverse" smoking, during which the burning end is held inside the mouth [21] . Some other forms of tobacco consumption in India include Pan (piper betel leaf filled with sliced areca nut, lime, catechu, and other spices, chewed with or without tobacco), Panmasala or Gutkha (a chewable tobacco containing areca nut), and Mishri (a powdered tobacco rubbed on the gums as toothpaste) [22] . In contrast, the tobacco consumption habits of the Western countries are mostly confined to cigarettes, pipes, and snuff, although other forms are also available. The criteria for recognizing periodontal disease severity differ among various studies, with some using mean clinical attachment level (CAL), some using radiographic assessments of bone level, and others using a combination of CAL and probing depth measurements [23] . In our study, we used the CPITN index to assess periodontal conditions, and a CPITN score of 3 and 4 was considered as indicating the presence of periodontitis. The index parameters for evaluation of periodontal conditions were bleeding, calculus, and pockets. Gingivitis and oral mucosal lesions were assessed by clinical examination without measuring the extent or severity of the disease. The mere presence or absence of the disease was recorded.
Our study showed that rate of smoking was high among the males of the sample, whereas the rate among females was low, as social and cultural norms in India may preclude women from smoking. This social and cultural pressure might prevent some female smokers from reporting their true smoking status, which might have affected the study results. A similar trend of smoking status was reported in a study conducted in India [22] and in Vietnam [24] . However, the percentage of females in the group of consumers but nonsmokers was higher than that of males. This may be explained by the fact that tobacco chewing is a common practice among females of lower economic strata in India. We also found that a higher percentage of respondents with better education, that is, graduates, abstained from using chewing tobacco or beedi/chutta smoking. This may be because these forms of tobacco, being much cheaper compared to cigarettes, are commonly used by people belonging to lower economic classes and therefore an issue of status for the educated people. These results are in ageement with results of studies conducted in India by Subramanian et al. [25] and Sorensen et al. [26] .
That the majority of respondents visited the dentist only when having some dental problems can be explained by multiple factors, such as high cost of dental treatment, lesser accessability to dentists, lack of dental health awareness amongst the the poor, or the fact that yearly regular dental checkups are not required for medical health insurance in India.
The finding that respondents using tobacco with betel nut and leaves, smoking beedi/chutta, and smoking cigarettes with/with out filters had a higher percentage of oral mucosal lesions or changes than non-consumers may be due to the local irritation of oral mucosa caused by using these forms of tobacco. These results are in agreement with the results of previous studies conducted in this regard [27] .
The finding that non-consumers exhibited a higher percentage of healthy periodontium than consumers corroborates the results of several previous studies [3, 10, 11, 23] . Our study also reconfirmed the relationship between smoking and a reduced gingival bleeding on probing, which has been well documented in previous studies [28, 29] .This may be due to the vasoconstrictive action of nicotine and its profound influence on vascular dynamics and cellular metabolism [30] .
Calculus is an indicator of oral hygiene. It has been documented that smoking is a strong and consistent risk indicator for periodontitis with the presence of calculus [24] . Smokers have also been reported to exhibit a low awareness of their health [31] . In our study, we found that smokers or consumers of tobacco had a higher percentage of supragingival and/or subgingival calculus than non-consumers. Certain limitations should be taken into consideration when interpreting the results of this study. The cummulative effect of periodontal destruction over time, such as attachment loss, recession, and loss of alveolar bone, were not recorded by the CPITN index because it was originally constructed for the assessment of treatment needs [32] . Thus, the index scores may not fully reflect the true periodontal condition. Another limitation was that the plaque levels were not recorded during the dental examination. Consequently, adjustments for plaque could not be made in the present analysis. However, most studies reported similar plaque levels for smokers and nonsmokers [30, 33] , and no difference between smokers and nonsmokers with regard to plaque accumulation could be observed in experimental gingival studies [34, 35] . Another limitation was the inability to generalize our findings to the Indian population. Our study group was a convenient sample and was not randomized. A comparison of our data with recent studies was therefore not always possible because of differences in methodology.
In conclusion, the present study shows that tobacco use exerts a strong and chronic effect on periodontium and oral mucosa and reduces bleeding on probing. This was a cross-sectional study, in which only an association between smoking and periodontitis can be shown. A longitudinal study will be required to determine whether tobacco use is a true risk factor for the development of periodontal disease in this study group. 
